Introduction Abstract
We investigated the histopathological changes observed in the brains, organs, and apoptotic changes in the brain of young rats born from rats with torsio uteri that survive. We divided 10 Sprague-Dawley rats with a gestational age of 18-19 days into two groups. The rats in group 1 (i.e., the control group; n=5) were given anesthesia only; the rats in group 2 (study group; n=5) underwent a 360-degree clockwise torsion in their uterus, and the torsion was corrected after 6 hours. The births of the offspring were followed, and 7 female and male offspring 1 month of age were selected in each group. The vaginal openings of the young female offspring were checked to determine the time to reach puberty. The 1-month-old male offspring and the mature young female rats were then decapitated. Tissue samples, including visceral organs, genital organs, and brains, were evaluated by histapathologically; we also investigated apoptosis via the TUNEL method. Although no abortion was observed in any of the pregnant rats in the control group, two abortions were observed in the study group after torsion/detorsion. The survival rate difference between the groups was statistically significant. The time to reach puberty was longer in female rats born from rats with torsio uteri; however, this difference was not statistically significant. Microscopic lesions were not observed in the visceral organs, genital organs, or brain. In addition, apoptosis were not determined in the brains of the experimental or control-group rats.
Keywords: Torsio uteri; Offspring; Rats Torsio uteri-the twisting of the uterus along its long axis-are observed commonly in ruminants, particularly in cattle. Torsio uteri are one of the causes of dystocia in cows, and it has been reported in occur in 7% of all cases of dystocia. The onset of torsio uteri may occur at any time during pregnancy starting at the second month. However, it is evident at the time of birth and particularly during the first stage of birth or within the last 2 months prior to birth [1, 2] . The prognosis is good if torsio uteri is noted sufficiently early. Depending on the incidence of hypoxia or a prolonged birth time, calf mortality in 24-71% of cases has been reported [3] . The fetus within the uterus may be exposed to hypoxia or anoxia due to stenosis in the umbilical cord during torsion. Damage may be observed during detorsion as well. Ischemia/reperfusion damage has been observed as a result of torsion and detorsion of the uterus [4] [5] [6] .
It has been suggested that mammalian fetuses and newborns are more resistant to anoxia or hypoxia compared with adults of the same species because anaerobic metabolism is activated in the case of anoxia of fetuses or newborns. As a result, less energy is needed [5, 7] . Again, blood circulation is primarily used for important organs such as the brain, heart, and suprarenal glands in fetuses and newborns in the case of anoxia or hypoxia. However, permanent brain damage has been demonstrated in dogs, rhesus monkeys, and guinea pigs in cases of prolonged anoxia. Other disorders have also been shown to be related to the damage [5, 7] .
There have been only a few studies of experimentally induced torsio uteri in laboratory animals during pregnancy. However, Erlwanger et al. [6] reported 270 o torsion in the right cornu of a pregnant Sprague-Dawley rat.
Many studies have been reported on the effects of fetal hypoxia on offspring [5, 7] . It is well known that cows are exposed to fetal hypoxia, especially with the cause of torsio uteri, and fertility is low in healthy offspring [5, 7] . However, there is little information about the pathogenesis of this infertility. This study was carried out to determine the effects on puberty age and possible pathological changes in brain, genital organs, and visceral organs of live born male and female offspring of fetal hypoxia experimentally induced by torsio-uteri in rats.
Animals: A total of 10 Sprague-Dawley female rats aged 3-4 months and a gestational age of 18-19 days weighing between 200 and 250 grams were divided into two groups. We assembled a control group (n=5) and a study group (n=5). We used a total of 28 infant rats, 14 from each group (7 females and 7 males each). The animals were obtained from The Laboratory Animals Investigation Center of Firat University (Elazig, Turkey). During the study, the rats were housed in individual cages in a 12-hour light/12-hour dark cycle. They were fed food and water ad libitum. Ethical committee approval was obtained from the local ethics committee of the Firat University Laboratory Animals Department (24.02.2015 -2016/22).
The study was designed in two steps: in vivo and in vitro.
Materials and Methods

In vivo Procedures
Design of the groups: The animals were grouped as follows: Group 1 (control): Pregnant rats with a gestational age of 18-19 days underwent anaesthesia only (n=5). Group 2 (study): Six hours of 360-degree torsion was created in the uterus of pregnant rats with a gestational age of 18-19 days (n=5).
The births of the rats ensued, and 7 female and 7 male infants that were 1 month old were selected from each group to be included in the study.
The vaginal openings of the female young rats were checked to determine the time at which they attained puberty. The male rats and the female rats that had reached puberty were then decapitated. All of the animals were anesthetized with ether prior to decapitation.
In vitro Procedures Vaginal Irrigations and Determination of the Day of Pregnancy:
Vaginal irrigations were performed as described by Sahna and Risvanli [8] . The irrigations were performed using distilled water, an elastic pipette, and pipette tips. The fluid obtained after the irrigation was pipetted onto a slide and examined under the microscope with 40× magnification. The densities of the cell types observed in the slides prepared were evaluated as +, ++, and +++. The rats with a superficial cellular density of +++ were accepted as being in their oestrus period. The animals with spermatozoid detected in the slides prepared using their vaginal irrigations were accepted as having had coitus. That date was recorded as the 0th day of pregnancy.
Operations: Rompun (Bayer HealthCare LLC, Animal Health, Berlin) (10 mg/kg IM) -Ketalar (Pfizer Limited, Kent) (90 mg/kg IM) combination anesthesia was administered to the rats during the operations [9] . A laparotomy was performed under general anesthesia following the routine procedures. The right cornu uteri of the animals were then passed through the hole formed in the non-vascular region of the lig. lata uteri of the left cornu uteri at the level of the vesica urinaria. Next, the right cornu was passed through the same hole for the second time, and clockwise torsion of 360o was created in both cornu uteri. Following this procedure, the abdomen of the animals was closed using the proper suturing material. Six hours after the operation, the same animals underwent a laparotomy again under general anesthesia, and the torsion was corrected. The abdomens were then closed again.
Immunohistochemistry and Histopathological Tests
For the histopathological examination, we collected tissue samples of the liver, kidneys, heart, lungs, spleen, ovaries, testes, and brain. The tissue samples were fixed in 10% neutral buffered formalin, routinely processed, embedded in paraffin, sectioned at 5 mm thickness, and stained with hematoxylin and eosin for histologic examination. In addition, we analyzed the brain sections using the terminal deoxynucleotidyl transferase dUTP nick end-labeling (TUNEL) method to detect apoptosis. The TUNEL staining was performed using an Apoptag Plus Kit (Merck Millipore, USA) according to the manufacturer's recommended protocol. Briefly, after deparaffinized the brain sections with xylene and graded concentrations of alcohol, they were stored in a citrate buffer solution at pH 6.0 in a microwave oven for 15 min (distilled water was added every 5 min) for antigen retrieval. Endogenous peroxidase activity was quenched with 3% hydrogen peroxide. The sections were then incubated with TdT enzyme in a humidified chamber at 37 o C for 1 h. After incubation with anti-digoxigenin-peroxidase for 30 min at room temperature, peroxidase was detected using diaminobenzidine [10] . The specimens were then washed with distilled water and counterstained with Mayer's hematoxylin. Formalin-fixed, paraffin-embedded mouse testis tissue belonging to our previous study and known to be TUNEL positive in our laboratory was used as positive control tissue in the TUNEL staining.
Among the non-parametric tests, we used the Mann-Whitney U test to compare two independent groups and analyze the data from the rats' vaginal openings. Among the chi-squared tests, we used Fisher's exact test to compare the abortion data between the groups, and we used the Pearson chi-squared test to compare the survival powers of the infants.
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The survival rates were 76.1% for the control group and 51.9% for the study group, and this difference was statistically significant (P<0.05) ( Table 1) .
Results
Although no abortions were observed in any of the pregnant rats in the control group, two abortions were observed in the study group after torsion/detorsion. No statistical significance was determined between the groups with regard to abortion rates (P>0.05) ( Table 1) . We observed at the end of the study that two female infant rats born from mothers with torsio uteri died before reaching puberty. Data on the vaginal openings are summarized in Table 2 . Our statistical analyses revealed no difference between the groups (P>0.05). There were no significant microscopic lesions in the brain, heart ( Figure 1A ,B,C and D), liver, kidney, lung, spleen, uteri, testes or ovaries -of any rats (Figure 1 A and B) . The organs investigated in the study revealed a normal histological structure. While positivity were observed in the positive control rat tissue ( Figure 1E ), TUNEL positivity was not detected in the brains of either the experimental or control-group rats ( Figure 1F ). Uterine torsion is a pregnancy pathology commonly observed in ruminants, particularly cows. A literature search revealed no studies pertaining to the effects of anoxia/hypoxia on rats born from rats with torsio uteri. Although a fertility reduction has been reported in live births from rats with torsio uteri, its pathogenesis has not yet been clearly defined. However, it is expected that anoxia/hypoxia, which occurs at the moment of uterine torsion, affects the genital organs as well as other organs of the fetus. To determine whether this hypothesis is correct, the age at which the offspring born from uterine torsion mothers reached puberty were followed up, but there was no difference between the groups. However, in order to determine the effect of uterine torsion on the fertility of the offspring, the reproductive endocrinology and gamete biology of such offspring should be studied.
Metagenomic Sequencing
Generally, resistance against anoxia or survival regresses with pregnancy progression. The brain functions of fetuses decrease in order to protect infants from anoxia that ensues as a result of ruptures, cuts, or twists in the umbilical cord.
In an animal model, hypoxic and ischemic damage results from an operation termed "retarded Cesarean section. " In this operation, the umbilical cords of the fetuses are clamped at a time close to birth, and blood circulation and thereby oxygen circulation are blocked [11, 12] . Another method used for this purpose is ligation of the a. uterine media alone or in combination with a. ovarica [13] . In these models, hypoxia developed due to chronic hypoxia and chronic placental hypoperfusion. In these kinds of models, systemic hypoxia or anoxia was observed instead of a targeted organ.
Hypoxia threatens brain functions at every stage of life starting with early fetal development to old age. Hypoxia generally impairs intracellular Ca +2 homeostasis and leads to various pathological situations such as neuronal cell damage, neurodegeneration, and cell death. The damage that occurs varies as a function of the duration of hypoxia as a result of ischemia according to fetal age [14] [15] [16] . We demonstrated that the survivals rates of infant rats born to rats with torsio/detorsio uteri were decreased. However, there were no differences between the surviving infants and the control group in terms of histopathological findings observed in the brain, visceral, or genital organs of the infant rats and TUNEL-positive animals. We accordingly concluded that the torsion procedure performed on pregnant rats had a negative effect on the survival rates of infant rats. These findings suggest that the torsio-uterine may not have affected all of the fetuses at the same level. In addition, it can be said that the torsio-uterine was not significantly important in puberty age in the offspring but prolonged.
Discussion
A literature search revealed no studies of laboratory animals experimentally undergoing torsio/detorsio uteri and the hypoxia or anoxia of the infants born from these animals. We observed that infant rats born from rats that had experimentally undergone torsio uteri at advanced stages of their pregnancy and survived were not affected by light microscopic level at the puberty.
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